Plasma cells have been recognized by histologists since the classical description of Marschalko (1 895a and b). The relationship of these cells to antibody production became widely accepted following the work of Amano et al in 1944 (see 'The morphology of plasma cells ', Feldman, 1972) and Fagreus (1948) , and the development of fluorescein labelling methods (Coons, Creech, and Jones, 1941; Coons, 1956) . Fluorescent antibody techniques have since been used extensively to demonstrate the presence of immunoglobulins within cells or bound to tissue components.
The routine use of immunofluorescence is inhibited by the requirement for frozen unfixed tissue or cold alcohol-fixed tissue (Sainte-Marie, 1962) . There is also the problem of standardization (Holborow 1970) , while rapid fading of positive fluorescence makes it difficult to refer back directly to previous work. Formalin-fixed tissue does not lend itself to immunofluorescence methods, because the enhancement of intrinsic tissue autofluorescence masks any specific fluorescent staining.
The use of antibody labelled with horseradish
Received for publication 17 September 1973 peroxidase (Nakane and Pierce, 1966; Nakane, 1968; Avrameas, 1969; Avrameas and Ternynck, 1969) has resolved some of these difficulties as it affords a permanent preparation. Tissue-bound immunoglobulin has been successfully demonstrated, eg, on renal basement membranes (Davey and Busch, 1970) using peroxidase-conjugated antibody and the specificity and sensitivity of the method have been favourably compared with established fluorescence methods (Nakane and Pierce, 1966; Davey and Busch, 1970; Petts and Roitt, 1971) . This paper presents a method for demonstrating the presence of immunoglobulin in lymphoid cells in routine formalin-fixed, paraffin-embedded tissues using a peroxidase-conjugated antibody and an indirect sandwich technique.
Materials and Methods
Paraffin-embedded tissue blocks were selected from surgical histology specimens received in the Department of Morbid Anatomy at the Radcliffe Infirmary. Tissues had been routinely processed on the laboratory Histokinettes by the recommended schedule using industrial methylated spirit and chloroform
The demonstration ofplasma cells and other immunoglobulin-containing cells following adequate fixation in 10% formol saline.
Blocks were selected on the basis of the presence of plasma cells in haematoxylin and eosin preparations and sections were cut at 3-4,u onasliding microtome. The sections were dewaxed with xylol and taken through the alcohols to water.
The subsequent method is summarized in table I. Sections in water were stained to demonstrate endogenous peroxidase using either the Graham alpha-naphthol-pyronin stain (Lillie, 1965) or the diaminobenzidine (DAB') method (Graham and Karnovsky 1966) . The duration of exposure of the sections to DAB or to the pyronin component of the alpha-naphthol-pyronin stain was greatly reduced so that the cells containing endogenous peroxidase were only lightly stained. This preliminary reaction was utilized to 'block' the endogenous peroxidase and prevent it staining when the antibody-conjugated peroxidase was developed subsequently. The intensity of the alpha-naphthol-pyronin reaction could be further reduced if desired by differentiation in 70 % alcohol. This was found to be more generally acceptable than orthodox blocking reactions which failed to eliminate completely endogenous peroxidase activity.
Sections were then placed in phosphate-buffered saline (PBS), pH 7-4, and exposed to a range of rabbit antihuman immunoglobulin antibodies. A dilution of antibody of 1/10 with an exposure of one hour was generally satisfactory. Preparations were washed in a bath of PBS for one hour with gentle agitation and were then treated with swine antirabbit serum IgG conjugated with horseradish peroxidase (SwaR/P) at a dilution of 1/10 for one hour, followed by a further thorough washing in phosphate-buffered saline. 53 3' Diaminobenzidine tetrahydrochloride (3, 4, 3', 4'-tetra-aminobiphenyl Optimum results were achieved by observing the development of the reaction on a microscope stage until a maximum contrast was obtained between positive cells and background. The reaction was then halted simultaneously in all the sections of a series by washing in phosphate-buffered saline. If the DAB reaction was allowed to proceed for more than 10 to 15 minutes background staining became a problem, particularly if much collagen was present. Osmication was not employed with either method. Finally the sections were briefly counterstained with methyl green or a modified Harris's haematoxylin (Lie, Holley, Kampa, and Titus, 1971 ) with or without eosin, dehydrated, cleared, and mounted in DPX.
The swine antirabbit serum IgG was obtained from Dakopatts A-S (through Mercia, Sandown Road, Watford, England). Unconjugated rabbit antihuman kappa (K) and lambda (L) light chains (Bence Jones) were also obtained from Dakopatts, and the rabbit antihuman Ig G, IgA, and IgM (heavy chains) from Behringwerke AG, Germany. Control preparations used included alpha naphthol pyronin alone, DAB alone, and alpha naphthol pyronin followed by DAB, SwaR/P with DAB, and anti-kappa or anti-lambda blocked with a urine concentrate of Bence Jones protein kappa (13 mg/ml) or lambda (20 mg/ml) type.
In addition the series of antibodies (anti-K, L, G, A, or M) used with each specimen acted as an inherent control by the varying number of cells staining with each antibody, both positive and negative plasma cells being seen in every case.
Colour . (Bosman, Feldman, and Pick, 1969; Bosman and Feldman, 1970) . In the cases of Hodgkin's disease examined some of the Reed-Sternberg-type cells also showed positive staining of moderate intensity. The specificity and significance of this observation is the subject of continuing study.
Good results have been obtained in formalinfixed, paraffin-embedded tissues which have been routinely stored for five years or more. Initial results suggest that as a means of recognizing or quantitating immune responses this technique is superior to plasma cell counting with orthodox histological stains.
In addition the cellular morphology observed in these preparations is much more distinct than that seen in immunofluorescence studies using frozen sections or cold alcohol processed material (SainteMarie, 1962) . The specificity and sensitivity of peroxidase-labelled antibody techniques have been favourably compared to immunofluoresence methods (Nakane and Pierce, 1966; Davey and Busch, 1970) , and a study comparing the two methods is currently proceeding.
In sections exposed simultaneously to both anti-K and anti-L, negative plasma cells clearly comprised less than 10% of the total, indicating a useful degree of sensitivity. Specificity was also of a high order, for with each antiserum there remained a negative population of plasma cells alongside those showing clear positive staining, and the number of positive cells varied for anti-IgG, anti-IgA, and anti-IgM. The labelled antibody having a molecular weight in the region of 200,000 appeared to penetrate the section adequately.
The preliminary staining of endogenous peroxidase with a contrasting colour proved highly successful and excluded further staining when the conjugated peroxidase was subsequently developed. The intensity of staining could be varied so as to visualize eosinophils and neutrophils, or it could be reduced so that these cells were not apparent after counterstaining. Effective blocking of endogenous peroxidase activity by other means was not achieved.
The results described have been reproduced by other workers in these laboratories and wider application may allow some quantitation of the degree of antibody response in the large number of surgical specimens stored as paraffin blocks in any routine histology laboratory.
The technique may be of especial value in the diagnosis of multiple myeloma where the malignant clone can be recognized as purely K or purely L chain in nature, and exclusively IgG, IgA, or IgM. This was demonstrated in the four cases reported here, where the plasmacytoma cells were of a single type in each case. In the inflammatory tissue at the periphery of some of these plasma cell tumours morphologically normal plasma cells were seen, with the normal mixture of immunoglobulin types present. A more extensive study of myeloma tissue, both from biopsy and from marrow aspiration, is in progress.
